Maintained gamma band activity is a key element of higher brain function, participating in perception, executive function, and memory. The pedunculopontine nucleus (PPN), as part of the reticular activating system (RAS), is a major source of the "bottom-up" flow of gamma activity to higher regions. However, interruption of gamma band activity is associated with a number of neurological and psychiatric disorders. This review will focus on the role of the PPN in activating higher regions to induce arousal and descending pathways to modulate posture and locomotion. As such, PPN deep brain stimulation (DBS) can not only help regulate arousal and stepping, but continuous application may help maintain necessary levels of gamma band activity for a host of other brain processes. We will explore the potential future applications of PPN DBS for a number of disorders that are characterized by disturbances in gamma band maintenance.
Introduction
"Bottom-up" brain processing involves the activation of lower brain centers by sensory events such that the information moves to higher centers to promote perception. "Top-down" processing involves the influence imposed by higher centers on the perception of incoming stimuli. Recent findings suggest that bottom-up and top-down signaling use different frequency channels, specifically gamma and beta frequencies, respectively (Bastos et al., 2015) . It has been long known that gamma band activity recorded over the cortex using the electroencephalogram (EEG) appears to participate in sensory perception, problem solving, and memory (Eckhorn et al., 1988; Gray and Singer, 1989; Philips and Takeda, 2009; Palva et al., 2009; Voss et al., 2009) . Coherent activity across cortical regions is thought to contribute to the merging or "binding" of information from various regions into a united whole that contributes to perception (Llinas et al., 1991; Llinás and Paré, 1991; Singer, 1993) . Coherent gamma band activity is also thought to give rise to consciousness, but only when maintained for prolonged periods. That is, consciousness is associated with maintained, but not interrupted, gamma band activity (Vanderwolf, 2000a (Vanderwolf, , 2000b . The question then arises, how is "bottom-up" gamma activity generated, and how is it maintained? Given that repetitive sensory stimulation is not reflected by matching evoked cortical activity as the rates exceed 20-30 Hz, how are cortical synaptic circuits supposed to maintain firing rates of 40-60 Hz or higher? Auditory stimuli, for example, produce an evoked response in the primary auditory cortex to every stimulus, but when frequencies exceed~20 Hz, the cortical evoked synapses begin to fail (e.g. Erwin and Buchwald, 1986) . Likewise, visual evoked responses cannot follow rates faster that~30 Hz before synapses begin to fail, that is, before there is "flicker fusion" or the perception that one is watching a movie rather than a sequence of static images. Thus, cortical synaptic circuits appear incapable of maintaining prolonged activity at high rates without failing. What mechanisms help maintain high frequency activity, and what are the consequences of interruptions in gamma band activity? If failure to maintain gamma band activity leads to abnormal function, can gamma band activity be induced and maintained artificially?
Mechanisms of gamma activity
The cortical mechanisms behind gamma activity include not only fast-spiking neurons (Cunningham et al., 2004) , but also inhibitory interneurons with intrinsic membrane oscillations in the gamma range (Steriade and Llinás, 1988; Llinas et al., 1991; Steriade, 1999) . In the thalamus, thalamocortical neurons have intrinsic properties needed to generate subthreshold gamma band membrane potential oscillations
